Objectives We investigated associations between depressive symptoms and reduced heart rate variability (HRV) in women aged 30-65 years after an acute coronary event. Background Younger women have an increased mortality after myocardial infarction compared with men of similar age. Depression was hypothesized to contribute to the poor prognosis, possibly mediated by increased susceptibility to arrhythmias. Methods The Stockholm Female Coronary Risk study comprised of 292 women aged 30-65 years who were consecutively admitted for myocardial infarction or unstable angina pectoris during a 3-year period. Depressive symptoms were assessed by means of a 9-item questionnaire. Women with no or only one depressive symptom were classified as low-depression individuals, those with two or more depressive symptoms as high-depression individuals. HRV data were calculated from 24-h ambulatory electrocardiographic recordings 3-6 months after the initial event.
Background
Depression predicts mortality after myocardial infarction (MI) [1] [2] [3] and unstable angina pectoris (UAP) [4] , and is observed more frequently in women compared with men [5] . Female sex independently predicts depressive symptoms and their severity after MI or UAP [6] . Among patients hospitalized for MI, the highest prevalence of depression was found in women who were 60 years or younger [7] . It was hypothesized that depression contributes to the increased post-MI mortality of younger women compared with men of similar age [7] .
Autonomic dysfunction is believed to be a crucial link between negative affect and cardiovascular health [8] . Measurement of heart rate variability (HRV) provides a noninvasive tool to estimate autonomic control of the heart. Reduced HRV mainly reflects decreased parasympathetic and/or increased sympathetic modulation, which in turn increase the risk for ventricular arrhythmias and sudden cardiac death [9] . A number of studies confirmed reduced HRV to be a strong independent predictor of post-MI mortality [9, 10] .
Depressed coronary heart disease (CHD) patients displayed reduced HRV compared with nondepressed patients in some studies [11] [12] [13] [14] [15] [16] , while other investigators did not observe significant differences [17, 18] . This study aimed to test the hypothesis that depressive symptoms are associated with reduced HRV in a high-risk group of women aged 30-65 years after an acute coronary event.
Methods

Patients and study design
The protocol of the FemCorRisk study was approved by the Ethics Committee of the Karolinska Institute, and informed consent was obtained from all participants. The study group comprised all women below the age of 65 years who were consecutively admitted for an acute coronary event (MI or UAP) during a 3-year period in the greater Stockholm area. Three hundred and thirty-five consecutive women were identified. Forty-three patients (13%) could not be included in the study. Of these, five patients died before the examination, 13 could not come to the research center because of disease severity, two patients could not participate because of transportation difficulties, two patients took part in another study and 21 declined because of other nonmedical reasons, including inability to speak Swedish fluently.
The diagnosis of MI was made on the basis of World Health
Association (World Health organization) criteria of typical chest pain, electrocardiographic changes and cardiac enzyme patterns. UAP was defined as new onset of severe angina pectoris or deterioration of earlier known stable angina pectoris within 4 weeks before hospital admission. Severity of heart failure was estimated using the Killip classification. For our analysis, individuals were dichotomized according to the presence (Killip class > 1) or absence of symptoms of heart failure. Left ventricular function was visually classified as normal or dysfunctional from left ventriculography as described elsewhere in 219 patients (75%) [19] .
All patients were examined between 3 and 6 months after discharge from the hospital. A questionnaire on educational level, exercise habits, alcohol intake and smoking history was mailed to the individuals before their first visit to the research clinic. Educational level was divided into two categories: mandatory level (corresponding to 9 years of school education) or higher education (completion of high school, college or university). Exercise habits during leisure time were classified according to World Health Organization criteria and graded I-IV. I corresponded to reading, watching television, or other sedentary leisure activities, II corresponded to walking, cycling or other forms of leisure time physical activity, III corresponded to regular exercises to keep fit, and IV corresponded to hard training or participation in competitive sports, several times per week. For the analysis, exercise habits were dichotomized into predominantly sedentary lifestyle (I) or active lifestyle (II-IV). Alcohol intake was categorized as light (r 5 g/day) or moderate (> 5 g/day). Smoking status was categorized as current or nonsmoker and previous smoker (stopped at least 1 year prior to the date of study recruitment). Each questionnaire was checked and clarified by the research nurse for problems and/or missing data.
The first day of the study included a detailed cardiological examination, resting ECG, and placement of a 24-hour Holter ECG monitor. Physical activity during the 24 h of ECG monitoring was assessed using diaries. All individuals rated their activity at five occasions in the morning, at lunchtime, in the afternoon, at dinnertime and before going to bed, by means of a 5-point scale as follows: (0) predominantly lying, (1) predominantly sedentary, (2) light activity, (3) moderate activity, (4) physical strain. The exact time was noted in the diary and marked on the Holter tape. A sum score was built by adding the scores of each time point.
The second day included extensive interview and questionnaire assessments of lifestyle and behavioural characteristics, as well as anthropometric measures and full lipid and routine laboratory profiles. Body mass index (BMI) and blood pressure were assessed using standard methods. Menopausal status was assessed by means of a gynaecological interview by the research nurse. A full history of current medication intake was abstracted from the hospital charts and verified by interviewing the patients.
Depressive symptoms were assessed by means of a short self-rating questionnaire derived from Pearlin et al. [20] . The instrument captures nine symptoms common for depression during the past week with 'yes/no' answering alternatives. 'Yes' responses were scored as '1' and summed, with a high score indicating a high degree of depressive symptomatology. In detail, the symptoms comprised (i) feeling downhearted or blue, (ii) feeling lonely, (iii) crying easily, (iv) lack of enthusiasm, (v) hopelessness about the future, (vi) loss of interest, (vii) loss of energy, (viii) loss of appetite, (ix) sleep disturbances. The scale had earlier shown good internal consistency (Cronbach's a = 0.85) and was significantly correlated (r = 0.71, P < 0.0001) with the Beck Depression Inventory [21] . For our analysis, women with no or only one depressive symptom (lowest quartile) were classified as low-depression individuals, those with two or more depressive symptoms as high-depression individuals. This cut-off point was chosen because women with two or more symptoms of depression were shown earlier to be at increased risk for recurrent cardiovascular events in a follow-up of the FemCorRisk study [21] .
Measurement of heart rate variability
HRV data were obtained from 24-h ECG recordings between day 1 and 2 at the research clinic during normal daily activities. Medication was maintained during the recording period. Patients were hooked up with a two-channel ambulatory ECG device (Spacelab 90205; Spacelab Inc., Redmond, Washington, USA). A commercially available software (Aspect Holter Systems; Daltek, Borlänge, Sweden) identified arrhythmias and classified QRS complexes [22] . Consecutive R-R intervals were expressed in ms within 5-min epochs. At least 96% of the QRS complexes per interval had to be classified as normal to be accepted for analysis. The time series of R-R intervals were resampled with a frequency of two samples per second. Gaps in time series consequent to nonnormal R-R intervals were filled with values calculated by linear interpolation between adjacent R-R intervals. The software also automatically checked for misclassified dropped beats deviating more than three standard deviations from the normal R-R interval of each epoch. The mean of all standard deviations of R-R intervals for all 5-min segments during the recoding period (SDNN index) as a time-domain measure of HRV was defined as primary outcome. Impaired SDNN index was shown to be an independent predictor of mortality in the FemCorRisk study [23] . In addition, the following frequency-domain measures of HRV were computed using spectral analysis: very low-frequency (VLF) power (0.0033-0.04 Hz), low-frequency (LF) power (0.04-0.15 Hz), and highfrequency (HF) power (0.15-0.40 Hz) in milliseconds squared. The LF/HF power ratio was also calculated.
Statistical analysis
Data were analysed using SPSS 17.0 software (SPSS Inc., Chicago, Illinois, USA). On account of significant nonnormal distribution of HRV parameters (all P < 0.001 except LF/HF ratio, P = 0.01, Komolgorov-Smirnov tests), values were logarithmically transformed before the analysis. For reasons of comparability, values are presented using the original units. Continuous variables are presented as means and 95% confidence intervals, and categorial variables are presented in %.
Two-tailed t-tests and w 2 tests were used to determine whether demographic or medical variables differed between high and low-depression individuals. Variables that differed between the groups at a significance level of P value less than 0.1 were considered potential confounders. These variables were then entered as covariates in analysis of covariance models testing the effect of depression on HRV, with a significance level of P value less than 0.05.
Results
Reliable HRV data were available from 266 women at a mean age of 56 (range 30-65 years) years. The 24 women who were excluded because of missing or unreliable HRV data did not significantly differ with respect to sociodemographic, medical and behavioural variables.
MI was diagnosed in 95 patients (35.7%), and UAP was diagnosed in 171 patients (64.3%). On average, individuals reported 3.9 (3.6-4.2) depressive symptoms. Seventy women were classified as low-depression individuals, and 196 women were classified as high-depression individuals. Sociodemographic, medical and behavioural characteristics of low and high-depression individuals are shown in Table 1 . High-depression individuals had significantly higher systolic blood pressure and a higher prevalence of diabetes. Trends were found with respect to a higher BMI, and a higher prevalence of b-blocker use and history of hypertension in the high-depression individuals. None of the individuals took antidepressants at the time of investigation.
In univariate comparisons, all HRV indices except for the LF/HF ratio were significantly lower in the high-depression individuals ( Table 2 ). After controlling for systolic blood pressure, diabetes, hypertension, BMI and b-blocker use, a significant difference between low and high-depression individuals was maintained for SDNN index, VLF and LF. When exercise habits were additionally entered as covariate, the main outcome parameter SDNN index was still significantly lower in the high-depression individuals (P = 0.02). Adjustment for physical activity during HRV recording did not significantly change the results.
Among the covariates, history of diabetes was significantly related to SDNN index (P = 0.05), VLF (P = 0.03) and LF (P = 0.01). Exercise habits were significantly related to SDNN index (P = 0.004), VLF (P < 0.001), LF (P = 0.001), HF (P = 0.05) and LF/HF ratio (P = 0.008). b-blocker use was significantly related to LF/HF ratio (P = 0.02).
Discussion
The data confirmed our hypothesis of reduced HRV in women with symptoms of depression after MI or UAP, even after adjustment for potential confounders. To our knowledge, this is the first population-based study focusing on autonomic dysfunction and depression in a group of women aged 30-65 years. At that age, sex differences with regard to prognosis after a coronary event are most evident [24] . However, most comparable studies included considerably fewer and relatively older women [12] [13] [14] [15] [16] .
Depression is observed in up to 40% of women 60 years or younger hospitalized for MI [7] , and is thus believed to account at least partially for the poor prognosis within this group. Clinical depression is diagnosed by means of a psychiatric interview, whereas depressive symptoms mostly refer to self-assessment instruments. The cut-off point of two or more depressive symptoms for our classification as high-depression individuals was comparatively low. However, studies suggest that already minimal symptoms of depression are associated with increased risk after MI or UAP [2, 21, 25] .
In female CHD patients, autonomic dysfunction was proposed to mediate between depression and mortality through increased susceptibility to arrhythmias and sudden cardiac death [26] . This pathway may be particularly relevant in younger women, as they were shown to have lower HRV compared with men of the same age [27] . We found robust differences between high and low-depression individuals with respect to SDNN index and VLF. Both HRV indices were independently related to arrhythmic events and mortality in CHD patients in a number of studies [10, 23] .
As far as we know, only few studies failed to detect a difference in HRV between depressed and nondepressed CHD patients. Gehi et al. [17] hypothesized that the participants of the Heart and Soul study were sicker than participants of other studies, and therefore might have had earlier autonomic dysfunction. A reanalysis of their data showed, however, that the somatic symptoms of depression were very well related to autonomic dysfunction [28] . Martens et al. [18] observed no differences in HRV between depressed and nondepressed CHD patients after adjustment for confounders, but acknowledged that this finding was possibly due to the small sample size compared to the study of Carney et al. [11] .
Thayer et al. [29] argued that HRV parameters in the time domain or the lower frequency spectra might rather be related to the range of physical activity engaged in by the patients, and therefore might reflect functional capacity rather than altered autonomic tone. In our study, neither controlling for exercise habits nor physical activity during ECG recording changed our main outcome.
Licht et al. [30] found that differences in HRV in noncardiological patients with and without major depression were mainly driven by antidepressant use. Such confounding can be excluded in our analysis, as none of the study participants used antidepressant medication at the time of HRV recording. HRT, hormone replacement therapy. a Total n = 219, missing data for n = 20 in the low depression and n = 47 in the high-depression group.
Owing to the composition of our study group, generalization to males, older women or patients from different countries is limited. Depression after MI was shown to be of higher prognostic relevance than depression preceding the event [31] . As we did not determine the exact time of onset of depressive symptoms, it is possible that some women were characterized by more chronic depressive symptoms, while some women might have developed depressive symptoms in response to the coronary event. However, depressive symptoms were robustly associated with increased mortality independently of time of onset [1] .
Conclusion
In summary, our study contributes evidence to the hypothesis that depressive symptoms are associated with reduced HRV in patients after an acute coronary event.
We showed that this association is present in a high-risk group of younger women aged 30-65 years, and that reduced HRV is already present in women with minimal depressive symptoms.
